Objectives: Exercise adherence involves a number of sociocognitive factors that influence the adoption and maintenance of regular physical activity. Among traitlike factors, self-motivation is believed to be a unique predictor of persistence during behavior change. The aim of this study was to validate the factor structure of a French version of the Self-Motivation Inventory (SMI) and to provide initial convergent and discriminant evidence for its construct validity as a correlate of exercise adherence. Method: Four hundred seventy-one elderly were recruited and administered the SMI-10. Structural equation modeling tested the relation of SMI-10 scores with exercise adherence in a correlated network that included decisional balance and perceived quality of life. Results: Acceptable evidence was found to support the factor validity and measurement equivalence of the French version of the SMI-10. Moreover, self-motivation was related to exercise adherence independently of decisional balance and perceived quality of life, providing initial evidence for construct validity.
The World Health Organization's "Global Strategy on Diet, Physical Activity, and Health" (2004) recommends that greater attention be given to increasing levels of physical activity. The population prevalence of sufficient physical activity in France is estimated to be 24% (95% CI 21.5-26.7%), which is lower than the average of 29% among European Union countries (Sjöström, Oja, Hagströmer, Smith, & Bauman, 2006) . Approximately 43% (95% CI 40.1-46.2%) of French adults are sedentary, and the odds of being sufficiently active decrease with increasing age (Sjöström et al., 2006) . According to Lee, Arthur, and Avis (2008) , helping sedentary older people start or adhere to regular exercise, as well as helping them adhere to exercise rehabilitation, is likely to pose challenges. Older people may assume that health-promotion messages about exercise are aimed at younger adults or that limitations in physical functioning prevent them from undertaking exercise. However, adherence to prescribed rehabilitation activities, as well as health-prevention programs, is considered essential to achieving successful outcomes in physical exercise, including enhanced quality of life.
To increase physical activity, it is important to identify mediators and moderators of change in physical activity that can guide successful interventions to increase and maintain physical activity (Lewis, Marcus, Pate, & Dunn, 2002) . Mediators are variables in a causal sequence that transmit the relation or effect of an independent variable on a dependent variable. Effect modifiers or moderators are variables not in a causal sequence but that modify the relation or effect between an independent variable and a dependent variable (MacKinnon, Fairchild, & Fritz, 2007) . Socialcognitive variables (i.e., beliefs that are formed by social learning and reinforcement history) such as self-efficacy, perceived behavioral control, outcome expectancy values, and intention have been the most studied mediators of self-initiated change in health behaviors such as physical activity (Bandura, 2004) . These constructs help explain how people set and strive to attain specific behavioral goals. Less is known about the role of personality (Rhodes & Smith, 2006) or general motivational traits that may act as moderators of the influence of social-cognitive variables on exercise adherence. For example, concepts related to willpower or self-motivation are acknowledged in social-cognitive theory as possible influences on persistence during behavior change (Ajzen, 2002; Bandura, 1997b ), but they have been understudied as moderators of exercise adherence (Dishman, 2010) . Self-motivation, like self-efficacy, includes efficacy beliefs about personal abilities and tendencies to set goals and strive to reach them with effort and persistence. Unlike self-efficacy, which varies according to behaviors and settings, self-motivation is conceptualized as a trait that is less sensitive to situational influences and may inform the general attitude of individuals to engage in effortful activities. Self-motivation is conceptualized as a nonspecific and unidimensional measure of persistence; it assesses individuals' volitional characteristics such as effort, commitment, and determination (Dishman & Ickes, 1981) . Self-motivation is distinguishable from outcome expectancy, which is the perceived likelihood that performing a behavior will result in a specific outcome. Although self-motivation includes goal setting, its emphasis is on effort and persistence after a goal has been set. Adolescents and young to middle-aged adults who have high self-motivation are more likely to maintain a supervised exercise program (Dishman, Ickes, & Morgan, 1980; Nigg Borelli, Maddock, & Dishman, 2008) , including rehabilitation (Brewer et al., 2003; Levy, Polman, & Clough, 2008) .
Self-motivation has predicted exercise adherence in people who are elderly, but the psychometric properties of the Self-Motivation Inventory (SMI) have not been examined in elderly populations. Because self-regulatory traits like self-motivation influence decisions about adoption of and adherence to volitional behaviors, we reasoned that self-motivation would be associated with stages of behavior defined by the transtheoretical model, which has been widely used to describe the processes of health-behavior change, including exercise (Marcus, Pinto, Simkin, Audrain, & Taylor, 1994; Marshall & Biddle, 2001 ). According to the transtheoretical model, behavior change is a dynamic process that occurs through a series of five interrelated stages: precontemplation, contemplation, preparation, action, and maintenance Prochaska & Marcus, 1994) . People in precontemplation are not thinking about starting an exercise program. Those in the contemplation stage are considering starting an exercise program. During the preparation stage, a plan has been made but not implemented. People in the action stage have adopted regular exercise within the past 6 months but are at greater risk of not adhering than people in the maintenance stage, for whom exercise behavior has been established for 6 months or more. Contemporary theory proposes that self-motivation would predict exercise adherence after the decision to adopt an exercise program (Nigg et al., 2008) . Based on expectancy theory, decisional balance is a multidimensional set of values perceived as advantages (pros) and disadvantages (cons) of behavioral change (Janis & Mann, 1977) including exercise (Prochaska & Marcus, 1994) . Pros typically are higher and cons are lower in postaction stages than in preaction stages (Marshall & Biddle, 2001) . We tested whether self-motivation would predict exercise adherence (defined here as being in the action or maintenance stage) independently of decisional pros and cons among elderly participants sampled from community and preventive-medicine exercise settings. Because poor health is frequently cited as a leading barrier to adopting and maintaining physical activity and exercise among elderly people (Schutzer & Graves, 2004) , we also tested whether relations of self-motivation with exercise adherence would be independent of perceived quality of life, consistent with the hypothesized influence of personal resources and abilities on maintenance of exercise (Huang, Lee, & Chang, 2007; Nigg et al., 2008) .
The aims of this report were twofold. First, the primary aim was to examine the factor validity of the short version of the SMI in elderly French. A French translation and validation of the instrument were carried out with three samples including a general elderly population, older adults in exercise rehabilitation, and older adults in a preventive-medicine exercise program. Second, as a partial test of construct validity, a structural model of the relation of self-motivation to exercise adherence was examined in a correlated network that included decisional pros and cons derived from the transtheoretical model of stages of exercise behavior and perceived quality of life.
The main hypotheses were that self-motivation would conform to a single-factor structure that would have factor invariance between men and women and across the three cohorts sampled, and self-motivation would be related to exercise adherence independently of other correlates of exercise adherence, namely, decisional pros and cons, and perceived quality of life.
Method Participants
Three samples consisting of 471 elderly participants were recruited. Cohort 1 was 189 healthy adults (122 women and 67 men) age 54-82 years (M 68.6, SD 6.2). They were recruited from several communities of older adults to complete a series of questionnaires. Two other cohorts were recruited and completed questionnaires on entry into supervised exercise programs. Cohort 2 consisted of 154 adults referred by a physician to a physical rehabilitation center (98 women and 56 men). Their mean age was 64 years (SD 9.43), and age ranged from 56 to 89. This cohort comprised patients with low back disorders, anterior cruciate ligament reconstruction, and knee, shoulder, and hip prostheses. The rehabilitation protocol consisted of a structured, progressive program of exercise activities for the associated injured area. A third cohort was composed of 128 healthy participants who enrolled in a preventive-medicine exercise program (76 women and 52 men), age 60-78 years (M 68.3, SD 7.4). The prevention protocol consisted of walking or swimming three times a week for 45-min sessions.
Measures
The long version of the SMI by Dishman and Ickes (1981) is composed of 40 items, with a 10-item short version (Dishman, Motl, Barhke, Jackson, & Ickes, 2011) . Our participants were required to indicate on a 5-point Likert-type scale the degree to which they believed certain descriptors to be characteristic of them, ranging from extremely uncharacteristic (1) to extremely characteristic (5). The translation of the questionnaire is described in the Procedures section.
Exercise adherence was assessed using the Stage of Exercise Change Questionnaire (Reed, Velicer, Prochaska, Rossi, & Marcus, 1997) . A five-question algorithm was used to classified patients into five ordered categories of preaction (i.e., precontemplation, contemplation, preparation) and postaction (action or maintenance) stages. Exercise adherence was defined as being in a postaction stage.
The Decisional Balance Inventory consists of two constructs that underlie cognitive and motivational aspects of human decision making (Prochaska et al., 1994; Velicer, DiClemente, Prochaska, & Brandenburg, 1985) . These constructs have been labeled the pros and cons of exercising, and they were each measured with three items. Participants responded to each item on a 5-point Likert-type scale ranging from not important (1) to extremely important (5).
Perceived quality of life was measured using the EQ-5D (Brooks, Rabin, & de Charro, 2003) . The descriptive system of the EQ-5D records perceived quality of life in five dimensions: mobility (walking about), self-care (washing and dressing oneself), usual activities (e.g., work, study, housework, family, or leisure activities), pain/discomfort, and anxiety/depression. Each dimension is divided into three response levels: no problems, some or moderate problems, and extreme problems or unable to. The combination of scores defines a total of 243 different possible health states, in which 11111 represents the best and 33333 the worst state. An EQ-5D health state may be converted to a single summary index by applying a formula that essentially attaches weights to each of the levels in each dimension (for more information, see Kind, Dolan, Gudex, & Williams, 1998) . The English norm scores were used to calculate the mean EQ-5D index values.
Procedures
In a pilot study, the SMI was translated into French by means of a translation-backtranslation procedure and was compared with a French-Canadian version (Gauvin, 1986) . Three French/English bilinguals independently translated the questionnaire into French. Based on these translations, a French version of the questionnaire was constructed and back-translated into English. Participants completed the long and short versions on different days within a 10-day period. For half the participants, the short version was distributed and filled out before the long one. The other questionnaires were completed by participants during the first day of attendance after enrolling in their exercise program. All participants orally provided informed consent.
Analysis
Confirmatory Factor Analysis. The hypothesized one-factor structure of the French SMI was evaluated using Mplus 6.1 (Muthén & Muthén, 2010) . Four of 4,710 observations (0.08%) were missing and were imputed using full information likelihood estimation. To evaluate the fit of the model, the recommendation of Hu and Bentler (1998) was followed using the following criteria: the Comparative-Fit Index (CFI), which varies from 0 (no fit) to 1 (perfect fit); the Tucker-Lewis Index (TLI); the root-mean-square error of approximation (RMSEA; Steiger, 1990) ; and the standardized root-mean-square residual (SRMR). The CFI tests the proportionate improvement in fit by comparing the target model with a baseline model (Bollen, 1989) . The RMSEA is a standardized estimate that represents closeness of fit of population data to the model, is sensitive to misspecified factor loadings, and is widely considered one of the most informative fit criteria (Hu & Bentler, 1998) . The following criteria were used to evaluate the satisfactory level of model fit: CFI and TLI ≥.90 and RMSEA ≤.08 (Bollen, 1989; Hu & Bentler, 1998) . The multigroup invariance of the endogenous path coefficients across the three cohorts was tested by Δ χ 2 /df and Δ CFI ≤ .01 comparing a baseline model in which those parameters were freely estimated in each group and a nested model in which the parameters were constrained to be equal among the groups (Cheung & Rensvold, 2002) .
Internal consistency reliability of each scale was estimated by the Cronbach's α coefficient and by composite reliability based on confirmatory factor analysis. Cronbach's α underestimates the reliability of a composite score, especially for a multidimensional scale, because it assumes uncorrelated errors among the indicators (Bollen, 1989) . Hence, composite reliability was also estimated from each factor structure: ∑ (factor loadings) 2 /(∑ factor loadings) 2 + ∑ [1 -(factor loading 2 )].
Measurement equivalence or invariance of the SMI was examined by testing and comparing a series of nested models, using standard procedures (Vandenberg & Lance, 2000) . The invariance analysis involved testing and comparing four successive models to determine whether model fit was affected by constraining sets of parameters to be equal across groups. Each successive model (1-4) included previous model restrictions (i.e., Model 3 included restrictions from Model 2) plus additional constraints, resulting in a series of nested models. Model 1 tested the equivalence of the hypothesized pattern of paths, factor variances, item means, and item errors across groups. In this model, all hypothesized parameters were freely estimated in the groups. Model 2 had restricted paths from the factors to the observed items (factor loadings). Model 3 constrained item intercepts (M) to be equal, while in Model 4 the item uniquenesses (errors) were constrained across groups. The most constrained, equivalent model is reported in the tables. Item errors reflect random or systematic variance otherwise not explained by the factor model. Testing the equivalence of item means and errors is very restrictive, and equivalence of factor structure (configural invariance) and loadings (metric invariance) is conventionally considered sufficient for concluding factorial invariance across groups (Bollen, 1989; Vandenberg & Lance, 2000) .
Structural Equation Modeling
. A structural covariance model using Mplus 6.1 (Muthén & Muthén, 2010) tested the relation between self-motivation and exercise adherence as depicted in Figure 1 . The model included decisional pros and cons and perceived quality of life as correlated variables, with gender as a covariate. Exercise adherence and gender were modeled as binary categorical variables. Follow-up logistic analysis was used to estimate the effect of self-motivation on the odds of exercise adherence, that is, people being in the adoption or maintenance stages compared with preaction stages. Critical z scores (parameter estimate/SE) were used to test significance. The multigroup invariance of the endogenous path coefficients across the three cohorts was tested by Δχ 2 (df) and ΔCFI ≤ .01 comparing a baseline model in which those parameters were freely estimated in each group and a nested model in which the parameters were constrained to be equal among the groups (Cheung & Rensvold, 2002) .
Results
To check the adequacy of the short version between the English version and the French one, the 10 items of the English short version of the SMI translated into French were specified to fit a single-factor latent model. Results indicated a weak fit to the data with the following indices: χ 2 (35) = 119.3 (p < .01), TLI = .84, CFI = .87, RMSEA = .12, and RMSR = .07. Three items had low multiple R 2 (<.30): "Sometimes I push myself harder than I should," "I can persist in spite of failure," and "I have a strong desire to achieve." These three items were replaced by items from the long version of the SMI that had the highest correlation with the total score, which also was completed by the three samples: "If I tell somebody I'll do something, you can depend on it being done," "I can persist in spite of pain or discomfort," and "I have a lot of willpower." Table 1 contains all items and shows the means, standard deviations, and factor pattern for the SMI total score in the three samples with squared multiple correlations (R 2 ) and t values (standardized parameter estimate/SE) for item factor loadings for the three groups. Values of t >1.96 are considered statistically significant. Internal consistency reliabilities (α) for the revised French 10-item scale were .87, .80, and .84 for the community, exerciserehabilitation, and exercise-prevention cohorts, respectively. For the aggregated sample, α was .83 and composite reliability was .80. For the item responses, all t values ranged from 5.16 to 13.46 and all items had R 2 values greater than .30. Interitem and item-total correlations indicate that the interitem correlations were r = .08-.61 (p = .03-.0001) for patients in rehabilitation, r = .11-.62 (p = .01-.0001) for older adults in the community, and r = .17-.67 (p = .01-.0001) for those in the preventive program. For the aggregated samples, item-total correlations ranged from r = .49-.84 (p < .0001).
Adequacy of the Measurement Model of the SMI-10 in the Three Samples
The hypothesized model of a single factor had acceptable fit to the data when the three cohorts were combined into a single sample, χ 2 = 122.7, df = 35, CFI = .930, TLI = .909, RMSEA = .073 (95% CI .059-.087), SRMR = .044, and when tested separately in men and women and each cohort (See Table 2 ). Multigroup invariance tests indicated that the single-factor structure, factor loadings, and item means were equivalent between men and women and that the facture structure and factor loadings were equivalent across the three cohorts (See Table 3 ).
External Validity
Aggregated across cohorts, 61% of the sample was classified as adherent to exercise (i.e., in action or maintenance stages; see Table 4 ). Pearson's correlations were calculated between the French 10-item SMI latent score, exercise adherence, and scores on decisional pros and cons and perceived quality of life (Table 4 ). The SMI score was positively correlated with exercise adherence, decisional pros, and quality of life and negatively correlated with decisional cons.
Structural Equation Model
The multigroup model had an acceptable fit, χ 2 (240) = 332.1, CFI = .919, RMSEA = .049, 95% CI .036-.062. Fit was similar in the nested model that constrained the path coefficients to be equivalent (i.e., invariant) among the community, rehabilitation, and prevention cohorts, χ 2 (248) = 343.8, CFI = .916, RMSEA = .050, 95% CI .036-.062, Δ χ 2 (df) = 11.7(8), p > .10, Δ CFI = .003. The final model tested in the aggregated samples also had acceptable fit to the data, χ 2 (80) = 197.1, CFI = .902, RMSEA = .056, 95% CI .046-.066. Self-motivation was related to exercise .051
Note. CFI = Comparative-Fit Index; TLI = Tucker-Lewis Index; RMSEA = root-mean-square error of approximation; SRMR = standardized root-mean-square residual. Note. CFI = comparative fit index; RMSEA = root-mean-square error of approximation; CI = confidence interval; SRMR = standardized root-mean-square residual. Models 1 through 4 are (1) multigroup baseline, (2) metric, (3) scalar, and (4) errors, as described in the text. 
Discussion
The first, and primary, aim of the study was to translate and validate the short version of the SMI in the French language to verify the validity of the measure in different settings with elderly people. We first computed a one-factor model in which the 10 items of the respecified short version of the SMI were hypothesized as a unique latent factor representing self-motivation. The results indicate that a one-factor model of the SMI has adequate psychometric properties, similar to the original English version. Configural (i.e., structure) and metric (i.e., factor loadings) invariance were confirmed between men and women and across the three groups of older adults that completed the same questionnaire. Globally, the psychometric properties of the SMI are consistent with those observed in American samples of young adults (Dishman et al., 2011) .The French SMI-10 shows acceptable internal-consistency reliability (r = .83), similar to the original SMI-40 score (Dishman & Ickes, 1981) .
Evidence of the convergent and discriminant validity of the SMI-10 was obtained by its relations with other correlates of exercise adherence. The correlation between the SMI and the pros of decisional balance and perceived quality of life revealed that people with higher self-motivation also tend to perceive more advantages of exercise and better quality of life. However, the relation of selfmotivation with exercise adherence was largely independent of those factors, consistent with the conceptual definition of self-motivation as a trait that persists in the face of difficulties after the decision is made to adopt an exercise program. Self-motivation's inverse relation with decisional cons and its positive relation with adherence, independently of decisional cons, are also consistent with the idea of a motivational trait to persist despite adversity or inconvenience of exercise practice. Decisional cons express emotional consequences of behavior change (e.g., "I am afraid about . . .") that may be salient barriers to exercise among some elderly people. Consistent with theory, decisional pros were positively related to, and decisional cons were negatively related to, exercise adherence.
The use of a cross-sectional self-report of exercise adherence, without objective verification, is a weakness of the approach we took to test construct validity. The validity of the transtheoretical stages of exercise change remains controversial (Bandura, 1997a; Dishman, 1991; Dishman et al., 2009; Schumann et al., 2002) . The stages have substantial misclassification errors when all stages are compared with a continuous report of physical activity, 5-20% in one study (Bull, Eyler, King, & Brownson, 2001 ). However, the evidence from applications of stage theory to many health behaviors suggests that stage models are most valid when they clas-sify people according to whether the behavior has been performed (i.e., classifying people as being in action or maintenance stage vs. preaction stages; Brug et al., 2005) , as was done in this study. Our purpose was to provide initial evidence for the construct validity of self-motivation scores while controlling for decisional pros and cons derived from the transtheoretical model, as well as perceived quality of life. Accurate surveillance of physical activity in older people is an ongoing measurement problem that will require concurrent use of objective measures. Postaction stages of exercise are not designed to estimate the amount of exercise people engage in and do not accurately predict change in whether people meet the levels of physical activity recommended for public health (Dishman et al., 2009 ). They are less accurate for detecting differences in the frequency of walking than in the frequency of more intense exercise in the elderly (Schumann et al., 2002) . Because of this measurement error, our results may underestimate the relation of self-motivation with physical activity participation.
In conclusion, we present initial evidence that scores on the revised French version of the SMI-10 can be interpreted as indicators of a single factor of selfmotivation that is measured equivalently in elderly men and women sampled from community and rehabilitative or preventive-medicine settings. In addition, scores from the revised scale were related to a measure of exercise adherence independently of relations with other hypothesized correlates of exercise adherence derived from theory. The scale can be used to test whether self-motivation has direct, indirect, or moderating effects on objective measures of exercise adherence in similar samples of elderly French men and women.
